Development of a non invasive test for uric acid has been the Holy Grail of uric acid detection research for last decade. In the present work, a novel matrix comprising of NiO thin film (a biocompatible material) loaded with Ni micro discs is prepared on ITO coated glass substrate 
Introduction
Uric acid is a product of the metabolic breakdown of purine nucleotides in the liver and is a chief nitrogenous component of biological fluids such as urine and blood serum. Estimation of uric acid concentration in blood has recently become clinically important for the diagnosis of various diseases such as gout, hyperuricemia or Lesch-Nyhan syndrome, arthritis, diabetes, renal, neurological, cardiovascular and kidney related problems. 1 Thus, precise detection of uric acid concentration level in blood is of significant interest for biomedical applications and requires immediate attention. A number of techniques have been used for detection of uric acid including amperometric, potentiometric, optical, thermal, piezoelectric etc. [2] [3] [4] [5] Amongst them, the enzyme(uricase) based amperometric biosensor is considered to be the most promising approach as it offers fast, simple and low-cost detection technique. Several matrices such as conducting polymers, CNTs, metal nanoparticles, composite thin films, etc. have been used to immobilize uricase for the fabrication of uric acid biosensors and are summarized in table 1. [6] [7] [8] [9] It may be noted from table 1 that most of the bioelectrodes exploited for detection of uric acid are found to suffer from certain problems such as lack of stability, time-consuming, non linear detection range, leaching out of immobilized enzyme, low sensitivity, and higher value of low detection limit and thereby limiting their application in development of an efficient uric acid biosensor. Recently, metal oxide based thin film matrix has gained significant attention for biosensing applications because of its biocompatibility, ease of processing, high stability, good sensitivity,excellent selectivity, low detection limit, low cost and capability of being fabricated in integrated biochip. [10] [11] [12] [13] Amongst various matrices, nickel oxide (NiO), a p-type and wide band gap (3.7 eV) semiconductor, is of immense interest. This matrix by its virtue of natural abundance, low cost, non-toxic, high chemical stability, biocompatibility, good electron communication feature and high isoelectric point (IEP ~ 10.7) is advantageous in binding biomolecules, which are having low IEP by strong electrostatic interaction. NiO thin films and their composites are efficiently used for the development of various biosensors for estimation of haemoglobin, glucose, metformin, uric acid etc. [14] [15] [16] [17] However, in all such estimations either sensitivity is poor or an external mediator in the PBS solution is used to get redox couple. Despite the fact that Ni has multivalence states (Ni 2+ and Ni 3+ ), a novel approach is required to activate the electrocatalytic activity of the NiO based matrix. Since NiO has its own redox couple therefore it provides direct electron transfer between the redox protein and electrode, which thus may pave a way towards the realization of a reagentless bioelectrode for efficient detection of uric acid.
In this article a reagentless uric acid biosensor has been successfully fabricated using a novel matrix of NiO thin film matrix loaded with Ni microdiscs. The biosensing response characteristics of the prepared bioelectrode (Ur/Ni/NiO/ITO) as a function of uric acid concentration have been studied using amperometric and photometric techniques. The reagentless detection of uric acid with enhanced sensing response has been obtained after integrating Ni microdiscs with NiO thin film using rf magnetron sputtering.
Experimental

Materials and methods
Uricase, horseradish peroxidase (HRP) (200Umg −1 ), o-dianisidine were purchased from SigmaAldrich. Sodium phosphate monobasic anhydrous and sodium phosphate dibasic dihydrate were obtained from Sisco chemical, India. Deionized water (resistivity=18.2MΩ cm −1 ) was used for the preparation of aqueous solutions.
Measurement and Apparatus
X-ray diffraction (XRD) for studying structural properties was carried out using Bruker X-ray diffractometer to identify the crystallographic structure of prepared matrices of NiO and Ni/NiO. The surface morphology of the film and bioelectrode was studied using scanning electron microscope (SEM). The photometric assay of the prepared bioelectrodes were performed using UV-visible The 0.5 cm 2 area of both the electrodes were dipped in a solution of Uricase (1mg/ml) that was prepared in 50 mM (0.9% NaCl) phosphate buffer saline ( 
Results and Discussion
NiO/ITO and Ni microdiscs/NiO/ITO matrices deposited by RF sputtering under the optimized growth conditions were found to be smooth, and strongly adherent to all the substrates.
Structural property
As-deposited NiO thin film deposited at room temperature was found to be amorphous and becomes polycrystalline when annealed in air at a temperature of 100 °C for one hour in air. XRD spectra of the NiO and Ni/NiO matrices deposited on ITO coated corning glass substrate after post deposition annealing at 100°C are shown in the inset of Figure 3 . The XRD spectra of NiO thin films exhibits three well defined diffraction peaks corresponding to (111), (200) and (220) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 the UV region at around 310 nm corresponding to the onset of fundamental absorption edge (Fig.3) .
The band gap of NiO and Ni/NiO thin film matrices was evaluated using Tauc plots and its value was found to be about 3.78 to 3.53 eV respectively. The value of 3.78 is in agreement with the corresponding value reported for NiO thin film by other workers. 19 However, the value of E g is slightly reduced to 3.53 eV after integrating with Ni microdiscs.
Surface Morphology
The surface morphologies of (i) NiO/ITO electrode and (ii) Uricase/NiO/ITO bioelectrode were studied using SEM and images are shown in figure 4 (i) and ( 
Electrochemical property NiO/ITO electrode:
In our earlier work, fabrication of a NiO thin film based uric acid biosensor was reported where sensing was carried out in a mediated buffer. 1 For the development of reagentless NiO based biosensor, deposition conditions of NiO thin films were varied so that the redox properties of NiO matrix could be obtained without using any external mediator in the buffer solution.
CV response of the NiO/ITO electrode thin film in a reagentless PBS buffer in the potential range -0.3 to 0.8 V is shown in Figure 5 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 bioelectrode increases linearly from 35µA to 169 µA with respect to increase in the uric acid concentration from 0.05 to 1.00 mM (Fig.5 (d) ) with a correlation coefficient (R) of 0.98, indicating good electrocatalytic behaviour of the NiO matrix. The sensitivity of the Ur/NiO/ITO bioelectrode as calculated from the calibration curve is found to be about 76.41µA/mM. The obtained results are slightly inferior to the corresponding one reported by other workers who have reported on uric acid biosensors using external mediators, 20 however, the reagentless detection in the present study is advantageous.
Ni/NiO/ITO electrode:
The CV response of the Ni/NiO/ITO electrode, having Ni microdiscs, were studied in a PBS buffer without any mediator. The corresponding curve obtained for bare NiO/ITO electrode (without Ni microdiscs) is also included in Fig.6 (a) for comparison. A drastic enhancement in the peak oxidation current from 50 µA to 250 µA was observed as a result of the integration of Ni microdiscs with the surface of NiO/ITO electrode ( Fig. 6 (a) ). The presence of Ni microdiscs provided excess charge carriers for the transport via Ni 3+ /Ni 2+ redox couple for obtaining a CV curve that showed enhanced oxidation peak current obtained without any mediator in the buffer. A decrease in the peak oxidation current from 250 µA to 152 µA was observed when uricase was immobilized on the surface of Ni/NiO/ITO electrode ( Fig.6 (b) ) and was attributed to the non-conducting nature of the macromolecules of uricase. which is much higher compared to the corresponding value (76.41 µA/mM) obtained for uricase/NiO/ITO bioelectrode. The detection limit is found to be about 0.06 mM. The lower detection limit is calculated using the expression 3S y/x /sensitivity, where S y/x is standard deviation obtained from the peak oxidation current vs analyte concentration curve ( figure 6 (d) ). The obtained value of sensitivity for Ni microdiscs based bioelectrode was found to be much higher in comparison to the corresponding value reported for uric acid biosensors by various workers in the literature [table 1], and is attributed to the availability of both Ni microdiscs and uncovered surface of NiO thin film that resulted the immobilization of uricase and subsequently faster transfer of large amount of charge carriers from enzyme to electrode. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
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Michaelis Menten Kinetic parameter (K m )
The graph between the ratio of analyte concentration to the oxidation peak current and the analyte concentration (Hanes plot) was plotted and utilized to evaluate the value of Michaelis-Menten 
Photometric enzyme assay
To carry out the photometric enzyme assay, both the bioelectrodes were dipped separately in 3 ml 
where A is the difference in absorbance of bioelectrode before and after incubation, V is the total volume (= 3.17 cm 3 ), ε is the millimolar extinction coefficient for o-dianisidine (ε ~7.5 for at 500 nm), t is the reaction time (2 min Table 1 ]. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60
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Real sample analysis
As we know, for thorough evaluation of the analytical performance of the proposed method the limit of detection, linearity, precision, stability, accuracy and selectivity have to be fulfilled by the prepared uricase/Ni/NiO/ITO/glass biosensor. Therefore, to demonstrate the practical feasibility of prepared uricase/Ni/NiO/ITO/glass biosensor for the analysis of uric acid in the real biological fluid, 10 human sera samples were analyzed and the % recovery and precision were calculated for spiked samples.
After the addition of the sera samples in the electrolyte solution, the peak oxidation current values were noted from the CV measurements. Uric acid concentration in serum was then extrapolated from the standard calibration curve, plotted between uric acid concentration (mM) and current ( figure 6 (d)). Electrochemical sensing technique in the present work was used to corroborate results obtained from commercial spectrophotometric method in the clinical laboratory. To validate the accuracy, the content of uric acid in serum samples determined by the prepared biosensor was compared with that measured by commercial spectrophotometric method in the clinical laboratory. Table 2 summarizes the results obtained during the present investigation. The results indicate that the uric acid analysis in sera with the developed biosensor agrees well with the spectrophotometric data. Recovery tests were also performed, in order to demonstrate the accuracy and precision of the prepared biosensor, by adding a known concentration of uric acid (0.50 mM) in the already tested serum samples and then estimating the concentration of added uric acid ( Table 2 ). The performed recovery tests confirm that the fabricated biosensor is accurate and precise. The performance of the prepared biosensor system is comparable with the commercially accepted methods. For in-vivo application of the biosensor in clinical practice, the requirements of biocompatibility, linearity, sensitivity, specificity, accuracy and long-term stability were very well fulfilled by uricase/Ni/NiO/ITO based biosensor.
Conclusion
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